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ABSTRACT 

During the operation of the Haystack Pointing System, variable amounts of 

system generated data are recorded on magnetic tape for purposes of later recon- 

struction of the pointing aspect of the experiment.   The Print Program, a pseudo- 

celestial computation program, is the means whereby this system data,  recorded 

during actual system operation or during a system planning run, is reconstituted in 

the form of print-outs for immediate inspection or as BCD magnetic tape equivalents 

of the print-outs for remote printing and for input to other programs.   The Print 

Program provides a variety of operation options which can be altered dynamically. 

Accepted for the Air Force 
Franklin C.  Hudson 
Chief,  Lincoln Laboratory Office 

in 



HAYSTACK POINTING SYSTEM:   PRINT PROGRAM 

INTRODUCTION 

The Print Program (PP) is the means whereby system data, recorded on 

magnetic tape during actual system operation or during a system planning run, is 

converted to on-line print-outs for visual inspection and to BCD magnetic tape equiva- 

lents of the print-outs for remote printing as well as for input to other programs. 

PP resides on the master bootstrap tape as a pseudo-celestial computation 

program as a matter of convenience in calling the program to operate after system 

operation is completed. 

PP uses the Printer Package* subroutine and a right ascension-declination 

conversion routine adapted from the Right Ascension-Declination Display Program. 

INPUT 

Primary input to PP is the system produced high density (556  Ipi) binary 

tape written by the system subprogram RECORDING.     PP is concerned with only two 

types of records on this tape.   The first type is the so-called title record which con- 

tains the titling information supplied by the experimenter and certain other pertinent 

data.    This record is viewed by PP as a 'logical file" separator and is recognized as 

such by the fact that the first word contains the five Fieldata character representation 

of TITLE.    The second type is the record which contains all of or a selected part of 

the portions of Common Storage (C/S) necessary to produce the desired output.    The 

first word identifier for this record is MCPGM. 

These two classes of records contain all of standard system generated 

information necessary to reconstruct the pointing aspect of the experiment.    Data 

processing programs are free to avail themselves of the recording facility provided 

by the system and thereby record information on the system data recording tape.    PP, 

however, was designed to interpret the format unique to the system data and conse- 

quently ignores non-system records. 

*See Reference 1. 

tSee Reference   2. 

*See Reference   3. 



Input information to PP is also supplied by the user via the keyboard.    This 

will be discussed in the Operation section below. 

OUTPUT 

The user may elect to get his print-out directly on the high-speed printer or 

he may choose to produce an IBM-compatible BCD magnetic tape or he may get both 

of these simultaneously.   Various control options which govern the format and amount 

of output are offered.   These are discussed in the Operation section below. 

Figure 1 shows a sample output of the program.    The labeling and the units 

used are described in Appendix A. 

OPERATION 

The Print Program is a non-real-time program which is normally called to 

operation after the dynamic system has completed a run and has produced a magnetic 

tape recording which serves as input to PP.   The usual manner in which the Master 

Control Program* (MCP) brings PP into core memory from the master bootstrap tape 

is via the attention symbol sequence. 

Once MCP has read PP into core the role of control program is taken over by 

PP.    This arrangement makes it possible for the user to communicate via the atten- 

tion symbol with PP as the recorded data is being processed in the very same manner 

as the experimenter was able to communicate with MCP while the experiment was in 

progress. 

When PP assumes control then, one of the very first things done is the setting 

up of a new intercom interlace   establishing PP as the control program.    From this 

point until a return is made to the system proper, hitting the attention key will cause 

the following typeout: 

TO SYSTEM(O) NEXT 'FILE'(D NEW TIMES(2) 

If the user elects choice (0) an exit is made to MCP and the system is ready for the 

next experiment with the recording tape returned to the load point for re-recording. 

*See Reference   4. 

tSee Reference   4   and   5. 
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A choice of (1) will cause PP to search for the next logical file on the recording tape 

identified by the code word TITLE as the first word in the record.   When the next 

"file" is located PP will issue a subset of the typeouts and questions that are output 

when the first logical file is about to be processed.    (This set of typeouts is described 

below.)   When "new times", choice (2) is elected PP will initiate another subset of 

the original line of questioning. 

The balance of this memo concerns itself with question-answer sequence one 

encounters when using PP to process the system data tape.    At this point we shall 

assume that the experiment has been concluded and the user has directed the control 

program to load PP into memory. 

At the outset, PP now established as the control program senses whether or not 

the recording program has finalized the recording tape and if not will ask: 

TAPE IS OK(0) REWIND IT(1) END FILE & REWIND(2) 

PP will take whatever action is indicated by the user.    Now the question of 

output media comes up, whether direct high-speed printer or BCD tape or both - 

hence the question: 

ELECT O/P. . . HSP(O) BCD TAPE(l) BOTH(2) 

Here, of course, the user must indicate the type of output(s) he desired. 

Next, as a memory jog, the typeout: 

SET TOP OF PAGE CLEAR PRINTER CHANNEL 

Now PP begins a search of the tape for the first TITLE record.    When it is 

located PP prepares the heading record which appears ahead of each frame.    In 

Fig.   1 this is the line containing LES 2 as the titling information along with Friday 

May 21,   1964 SATELLITE SYSTM, the other pertinent information in the title record. 

At this point PP types out: 

TITLE FOLLOWS 

followed by the actual titling information entered earlier by the experimenter.    In 

the example at hand this would be: 

LES II 



Now comes the question: 

GMT START(HHMMSS) 

to which the user may enter a time to start (and PP will skip over previously recorded 

data) or he may implicitly state "at the beginning" by simply answering with a carriage 

return.   Next comes the companion question: 

GMT END(HHMMSS) 

and here again the user may elect a specific time to stop or implicitly indicate "to 

the end" with the carriage return reply.   Now the question: 

FOR EVERY NTH DATUM ENTER N(0-500) 

Here the user must indicate how much (if any) of the interpolated data he 

wishes to be printed out.    For every frame (2 seconds in real time) there are avail- 

able the directly computed quantities as well as   500   interpolated command azimuth 

and elevation angles, the corresponding   500   incoming azimuth and elevation angles 

plus   500  interpolated doppler values.    If the user wishes every interpolated point 

to be printed, he would enter  N  as   1   and every   1      point is output.   On the other 

hand, if he chose   N  as   500  he would see only the first interpolated point (as well 

as the entire array of  2   second computed data whose output is non selectable).   By 

convention   N = 0  will eliminate all interpolated data from the output. 

At this point, PP is ready to commence processing the data on the recording 

tape.    In a steady state condition PP is time equating data which appeared in three 

separate input records.    For the incoming azimuth and elevation angles, the record 

just read in is used; for the command azimuth and elevation angles the penultimate 

record is the source and for the two second directly computed values the data saved 

from the third record back is used. 

In general, the program will continue to cycle and output in this manner until 

one of four things occur. The first, an end of file mark on the input tape will result 

in the typeout: 

END OF FILE. . . RETURNING TO SYSTEM 



Here control is returned to MCP, the input tape is returned to the load point 

and the system is ready to recycle. 

The second source of interruption occurs when PP has come to a specified 

time to stop (GMT END(HHMMSS)). 

In this case PP types out: 

DONE  

followed by the typeout normally occasioned by striking the attention key i.e. 

TO SYSTEM(O) NEXT 'FILE'(l) NEW TIMES(2) 

Again the user must decide what is to be done. 

The next way in which the cycle is disrupted occurs when PP encounters a new 

"logical file" on the input tape.    This causes PP to terminate processing on the current 

file and proceed with the typeout/question sequence starting with 

TITLE FOLLOWS 

The remaining way in which processing is interrupted is, of course, by the 

user himself striking the attention key. 

The flow diagram and listing of the Print Program follow Appendix  A. 



APPENDIX   A 

The sample print-out in Fig.   1 shows   4   seconds worth of real-time pointing 

information in two   2   second frames.    Each frame begins with a title line which 

gives the identification information (here the caption LES II) supplied by the user 

followed by the day of the week, the date and the particular celestial computation 

program chosen by the user. 

The pointing information for each frame is broken down into two categories, 

the "two second" direct-computation data followed by the interpolated data. 

Two Second Data 

HHMMSS 

RA(DEG) 

RA(HMS) 

DEC(DEG) 

DEC(DMS) 

DISTANCE 

DISTDOT 

RADOT 

AZIM 

ELEV 

CAZIM 

TRUERANGE 

SRA 

Greenwich mean time at the start of the frame.    (Time in C/S 
TRUETIME).    This is the reference time for this frame. 

and further to the right of the page on the same line 

Right ascension of the body at reference time in degrees and 
in hours, minutes, and seconds respectively. 

and further to the right of the page on the same line 

Declination of the body at reference time in degrees and in 
degrees, minutes and seconds respectively. 

The distance from geocenter   to center of the body at reference 
time in earth radii for near-earth satellites and the moon; in 
astronomical units for the sun and planets.    For stars an 
arbitrary zero is printed. 

Numerical derivative of DISTANCE in nautical miles per 
second. 

Numerical derivative of right ascension in radians per second. 
N. B.    This quantity is taken from C/S register RADOT which 
contains   OL  COS   6.    A planned change to PP will remove the 
cos   6   factor. 

Computed azimuth in degrees. 

Computed elevation in degrees. 

AZIM with corrections in degrees. 

Range of the body from the site with same units conventions 
described under DISTANCE. 

Right ascension in degrees with scan added. 



SDEC 

CRANGE 

RANGEDOT 

DECDOT 

SAZIM 

SELEV 

CELEV 

SIDERTIME 

Declination in degrees with scan added. 

Corrected range in radar units. 

Time derivative of range in nautical miles per second. 

Time derivative of declination in radians per second. 

Azimuth in degrees with scan added. 

Elevation in degrees with scan added. 

Elevation in degrees with corrections added. 

Right ascension of the site in degrees at CONVERTIME. 

TIME 
SECS 

INCOMING 
AZIMUTH 

INCOMING 
ELEVATION 

COMMAND 
AZIMUTH 

COMMAND 
ELEVATION 

RECVD R/A 
HH MM SS. SS 

and 

RECVD DECLN 
DDD MMSS.S 

COMND R/A 
HH MM SS 

and 

COMND DECLN 
DDD MM SS.S 

Interpolated Data 

Elapsed time in seconds (for real time) from HH MM SS 
(TRUETIME given above). 

Actual antenna position in degrees at indicated time.   An * 
preceding the value indicates azimuth overlap zone. 

Analogous to incoming azimuth. 

Interpolated azimuth value in degrees sent to the antenna at 
the indicated time. 

Analogous to azimuth. 

Actual antenna position in the right ascension-declination 
coordinate system. 

The position in celestial coordinates to which the antenna was 
being directed. 



CMND DOPLR 
CYCLES/SEC     . . .      Doppler frequency in cycles per second. 

MODES 
ABCDE . . .      Mode switches setting.    Not currently used. 



PRINT PROGRAM: FLOW CHART 3-62-4536 

( Entry ) 

Type Out: Tape s OK (0)  Rewind It (1)  Endfile + Rewind (2) 

• • 

Take Indicated Action 

' ' 

f7) Initialize the Output 
Image and Page Format [^j 

WLOOP ' 
1 

/intercom \ 
\ Interlace /  /\ 

Type Out: 
Elect 0/P...HSP(0) BCD Tape (1) Both (2) 

Set to Output 
Only on the 

High-Speed Printer 

Set to Output on the 
High-Speed Printer 

and Off-Line BCD Tape 

Set to Output 
Only on the 

Off-Line BCD Tape 

10 



3-62-4537 

Type Out: 

Set  Top of   Poge and Clear Printer  Channel 

Read the First Record via 
Subroutine READTAPE 

NEWTITLE   " 

A 

Process This Title Record 
via Subroutine ISID 

ISID 

(jintryj) 

WLOOPX   w 

Intercom^ 
Interlace/ /Q\ 

Move the Sixteen Words of Titling Information 
Recorded  From C/S EXPNAME +... 

to a Heading  Area Within Print 

Compute the Day of the Week, Sunday, 
Monday, etc., and Store in Output Image 

Determine the Month of the Year, January, 
February, etc., and Store in Output Image 

Put the Day of the Month, 
I, 2, 3, etc. in Output Image 

Put Year 1964, e.g., 
in Output Image 

11 



3-62-4538 

PICKPGM 

Put the Name of the Celestial 
Program in Force During This 
Recording in the Output Image 

ARNDHENRY w 

Save This Entire Output 
Image tor Heading Purposes 

Yes 
-*-<C   JumpKey 

I On" 

WISEGUY 

Type Out: 
Title Follows 

Type Out: 
Title Follows 

Type Out: 
Oops No Title 

Type Out: (for example) 
This is a Sample Run of the HPS 

Overlay the Various Titling Information 
In the Area for Heading Purposes 

with the Notice That No Title  Was Provided 

ADJUSTBUFR w 

Switch the Input 
Buffer Alternator 

GD 
ASKTIMES 

Set Up To Process This Data 
from Beginning to End 

Type Out: 
GMT   Start    (HHMMSS) 

12 



Set Start Time 
to  Zero 

Yes 

3-62-4539 

Convert Start  Time 
to Days and Save 

for Later Comparison 

CHCKENTM, 
Was 

Set En d Time Yes^, Elected the "to an End\^ 
.        of File" Mode?        ^^ to Maximum 

\.  Return)  _/r 

]^No 

Convert End Time 
to Days and Save 

for Later Comparison 

LETS 30 ' 
Type Out: 

For Every N     Datum Enter N(O-5O0) 

(D1 j—•> 
— ' 

13 



3-62-4540 

'IntercomX 
.Interlace/   /Q\ 

B1 H- 
Yes 

©~ 

©- 

No 

No 

AWAYWEGO 

Clear Out the Two 
Second Data Shift Region 

BASICLOOP 

Alternate Input Buffers 
and Data Pickup Scheme 

Within These Buffers 

Set To Index Paging 
in the Simulation   Format 

€> 

Set To Index Paging 
for the Normal Format 

No 

Output the Heading 
Information on the 
Elected Device(s) 

14 



Intercom \ 
Interlace / A. 

Type Out: 
Done  

Type Out: 
To System (0)   Next File (1)   New Times (2) 

Rewind Input Tape 
Write End of File 

on BCD Tape, If Used 

Exit to MCP ) 

-M C2 

SKIPOVER 

•*•<      Read Tape 
A 

Yes 
-H Bl 

13-62-4541 

15 



3-62-4542 

NOTID 

Cycle uputhe 
'Two Second" Data 

Output as Required the First   Two Second 
Data Label Line Beginning with HHMMSS.etc. 

(See Sample Output) 

BRND 

Convert and  Output as  Required All Quantities in This Line 
of "Two Second" Data (See Sample Output) 

Parallel the Above Two Blocks for the Second of the 
Two Second" Data Label Lines and Its Accompanying Data 

MORESTUFF 

Intercom^ 
Interlace/ /\ 

Output as Required the Two Label Lines Associated 
with the Interpolated Data   (See Sample Output) 

Output as Required One Line 
of Interpolated Data 

16 



INTERCOM INTERLACE 3-65-4543 

Any User 
Program 

Entry 

Intercom Intercom 
Working     'initialization 
Section 

_L 
Section 

Control 

Note Users 
Return Point 

Establish New Normal 
Return Point to MCP 

Initiate Service 
on This Request 

Establish New Attention 
Return Point to MCP 

Yes 

Yes 

A 

Exit 

To Latest MCP 
.Normal   Return Pointy 

17 



READ ROUTINE 3-62-4544 

Machine Error      RSOHn ME 

Machine Error (RSIV-(ME) 

Machine Error      RS2— ME 

Machine Error (RS3)—CUE) 

(RSm—f   Exit ~) 

Machine Error       RS4— ME 

Rewinding [RS5)—(R1J 

Machine Error     RS6— ME 

Machine Error 

Normal 

Parity 

Machine Error       RSIOH-iME 

End of File (RSIA—(EOF) 

End of Tope        (RS12)—(EOT) 

Machine Error     (RS13W ME 

Machine Error 

Interlock 

(RS14)—(ME) 

RS15—INT 

( Entry )      I-(*0 

Read in Next Record 

i' 

Go to Appropriate Status Handler 

Set Up 
Unit Number ®r 

Backspace 
Record 

Print End 
of Tape 

Message 

Stop 

QxT) 

Print Status 
Code and 

Unit Number 
—fc-T Exit J 

Print Parity 
Message 

Write Parity 
Message on BCD 

Output Tape 

CED 

Print 
Interlock 
Message 

Stop 

18 
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